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(57) ABSTRACT 

A router is operative to perform the following actions for each 
one of a plurality of wireless devices operating in a wireless 
network. The router initially transmits a number of data pack 
ets matched for a window size which corresponds to a default 
window size. The router then measures a round trip time 
(RTT) associated with communication of each of the trans 
mitted packets. The router increases the window size if the 
RTT associated with the communication of each of the trans 
mitted packets is within a first threshold. On the other hand, 
the router decreases the window size if the RTT associated 
with the communication of any of the transmitted packets is 
more than the first threshold but less than a second threshold. 
The router sets or updates at least one of the first or the second 
thresholds based on traffic communicated to the plurality of 
wireless devices via the router. 
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METHODSAPPARATUS FOR 
DYNAMICALLY ADJUSTING ADATA 

PACKET WINDOWSIZE FOR DATA PACKET 
TRANSMISSION IN A WIRELESS 
COMMUNICATION NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This patent application is a continuation of and 
claims priority to U.S. non-provisional patent application Ser. 
No. 1 1/536,874 having a filing date of 29 Sep. 2006, now U.S. 
patent “ABC123, which claims priority to a U.S. provisional 
patent application having application No. 60/722,852 and 
filing date of 30 Sep. 2005, each application being hereby 
incorporated by reference herein. 

BACKGROUND 

0002 1. Field of the Technology 
0003. The present disclosure generally relates to a wire 
less communication system, and more specifically to a system 
and a method for adaptively adjusting window sizing for 
datagram delivery to a wireless mobile device based upon a 
round trip time of the datagram in the wireless communica 
tion system. 
0004 2. Description of the Related Art 
0005. In a wireless communication network, the rate at 
which data can be transferred to a wireless mobile commu 
nication device (“mobile device') from a client depends upon 
various factors such as the quality of the mobile device cov 
erage, the type of network in which the mobile device is 
currently registered and located, network congestion, and the 
type of the mobile device. Various types of mobile devices 
with various capabilities may access a common wireless net 
work, or a common wireless transport for web browsing. For 
example, an old Global System for Mobile Communications 
(“GSM) compatible mobile device may share the same GSM 
wireless communication network with a faster data rate 
capable mobile device such as an Enhanced Data rates for 
Global Evolution (“EDGE') device and a General Packet 
Radio Service (“GPRS) capable mobile device. 
0006 An old Code Division Multiple Access (“COMA) 
mobile device, may share the same COMA wireless commu 
nication network with a new device having the EVolution 
Data Only, or Optimized, (“EV-DO) enhancement. To 
accommodate mobile devices having various capabilities, the 
date rate used for a given wireless transport may be fixed a 
maximum rate which meets the requirements for the slowest 
device. However, such a rate wastes the capabilities of faster 
mobile devices and may be perceived as slow web browsing 
by the users of the faster mobile devices. Sending more data 
to mobile devices at faster rates than they are designed to 
handle can also create problems for the mobile devices and 
the network. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is an exemplary wireless communication 
system in which a wireless router system having the adaptive 
window feature in accordance with at least one of the pre 
ferred embodiments may be practiced; 
0008 FIG. 2 is an exemplary timing diagram for the adap 

tive window with an increase in the window size for data 
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packet transmissions set between the wireless router system 
and the mobile device in accordance with at least one of the 
preferred embodiments: 
0009 FIG. 3 is an exemplary timing diagram for the adap 
tive window with a decrease in the window size for data 
packet transmissions between the wireless router system and 
the mobile device in accordance with at least one of the 
preferred embodiments: 
0010 FIG. 4 is an exemplary flowchart illustrating the 
process of the adaptive window for data packet transmissions 
between the wireless router system and the mobile device in 
accordance with at least one of the preferred embodiments: 
and 
0011 FIG. 5 is an exemplary block diagram of a wireless 
router system configured to dynamically adjusta window size 
for data packet transmission to a wireless mobile communi 
cation device through a wireless communication network. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0012 Methods and apparatus for dynamically adjusting a 
data packet window size for data packet transmission in a 
wireless communication network are described herein. In one 
illustrative example, a method in a wireless router system for 
transmitting data packets to a mobile communication device 
through the wireless communication network based upon a 
round trip time (RTT) associated with communication of each 
data packet is provided. The round trip time is a time period 
between the transmission of each data packet and reception of 
a corresponding acknowledgment signal from the mobile 
communication device. Initially, a number of data packets 
matched for a window size are transmitted to the mobile 
communication device, and a round trip time associated with 
communication of each of the transmitted data packets is 
measured. The window size for data packet transmission is 
re-sized by increasing the window size if the round trip time 
associated with the communication of each of the transmitted 
data packets is within a first time threshold, and decreasing 
the window size if the round trip time associated with the 
communication of any of the transmitted data packets is more 
than the first time threshold but less thana second time thresh 
old. The window size is also decreased if the round trip time 
of any of the transmitted data packets is more than the second 
time threshold, where each such data packet is further marked 
as a lost data packet. A number of data packets matched for 
the re-sized window is Subsequently transmitted, including a 
retransmission any data packets marked as lost. The steps of 
the method are repeated from the measuring step until data 
packets to be transmitted are exhausted. 
0013 The adaptive window techniques of the present dis 
closure allow newer mobile devices with higher data-rate 
capabilities, such as EDGE-capable mobile devices, to 
browse the web quickly while ensuring that older mobile 
devices with lower data-rate capabilities are not over 
whelmed. The adaptive window techniques are designed to 
dynamically adjust the rate of data transfer from a wireless 
router system to a wireless mobile communication device 
(“mobile device') based upon an overall network traffic con 
dition, including the quality of the mobile device coverage, 
the type of network in which the mobile device is currently 
registered and located, network congestion, and the type of 
the mobile device. 
0014. According to the present disclosure, a technique is 
provided which dynamically adjusts the number of data pack 
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ets transmitted to the mobile device at one time, or the win 
dow size, based upon around trip time (RTT) associated with 
the data packets. The mobile device may transmit an 
acknowledgment signal for every packet received individu 
ally. If the mobile device Supports optimized acknowledg 
ments, it does not transmit an acknowledgment signal for 
each packet, but instead transmits an acknowledgment signal 
upon receiving a set of data packets. The wireless router 
system measures the round trip time as the time period 
between the transmission of the data packets and the receipt 
of the acknowledgment signal. The round trip time is indica 
tive of the overall network traffic condition. The wireless 
router system initially transmits a default number of data 
packets, matching a default window size, to the mobile 
device, and measures the round trip times associated with 
those data packets. 
00.15 Adjustment of the window size is made based on the 
round trip time of the communication of the data packets. If 
the round trip time is less than a first time threshold for those 
data packets, then the window size is increased, allowing 
more data packets to be transmitted. If the round trip time is 
more than the first time threshold but less than a second time 
threshold, then the window size is decreased, allowing less 
data packets to be transmitted to avoid losing data packets. If 
the round trip time is more than the second time threshold 
time, then the data packets having Such round trip time are 
considered lost. The window size is decreased, and the lost 
packets are re-transmitted within the decreased window size. 
The transmission of data packets matching the window size 
and the re-sizing of the window size based upon the round trip 
time are repeated until all data packets have been transmitted. 
The window size is increased until a predetermined maxi 
mum window size is reached. If a new set of data becomes 
available for transmission to the same mobile device within a 
predetermined interval after all previous data packets have 
been transmitted, the last-used window size is retained for the 
initial data packet transmission. However, if new set of data 
becomes available after the predetermined interval after all 
previous data packets have been transmitted, the default win 
dow size is used for the initial data packet transmission. 
0016. As will become apparent, the present techniques 
advantageously utilize what may be referred to as an “in 
flight' window (rather than a sliding window which may be 
utilized in some TCP communications) suitable for the 
present wireless environment and data applications. A sliding 
window approach of the prior art may be useful where a 
stream of data is being communicated, and a first byte needs 
to be received before a second byte is useful (e.g. a streaming 
Video). The sliding window approach may also be useful 
where a very large file is being communicated and the 
receiver does not have sufficient memory available to buffer 
all of the data (e.g. downloading a new program). With a 
sliding window approach, if the permitted window size is 
three (3), the sender is allowed to send packets 1, 2, 3. If 
packet 1 is acknowledged, the sender is permitted to send 
packet 4. However, if packet 2 is acknowledged before packet 
1, the sender is not permitted to send any other following 
packet until packet 1 is acknowledged. 
0017. Using the “in-flight' window approach of the 
present disclosure, as long as any one of the packets 1, 2, or 3 
is acknowledged, the sender is permitted to send another 
packet to the match the number of packets “in-flight'. In the 
present environment, several different small independent 
messages (e.g. Small incremental changes in data for data 
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synchronized communication with network applications, 
e-mail messages/data, calendar appointment message/data) 
may be sent at the same time, and the mobile device is able 
receive (and display, for example) a second message before it 
receives a first message. By using an in-flight window, a more 
efficient use of the communication channel is utilized, as all 
other communications are not halted while the first message 
(for example) is being resent. 
0018. In addition, an advantage conferred by using a fixed 
value for the round trip time is that it helps identify the 
optimal sending rate more quickly, since a large amount of 
traffic does not have to be sent first in order to calculate a good 
estimate of the minimum round trip time. The technique is 
particularly useful when the mobile device is operative to 
send, over a long period of time, a plurality of relatively short 
data bursts/messages (e.g. Small incremental changes in data 
for data-synchronized communication with network applica 
tions, e-mail messages/data, calendar appointment message/ 
data) with long periods of idle connections between each 
sending. Another advantage of using a fixed value for the 
optimal round trip time is that more consistent sharing of the 
bandwidth is gained across different connections. Finally, in 
accordance with the present techniques, the previous window 
size is retained for a predetermined time period (e.g. Several 
minutes, such as between 1 and 10 minutes) and may be 
returned to more quickly. This technique is driven on the 
assumption that the limit in bandwidth is the RF over-the-air 
portion, which has less to do with other traffic (which may 
change quickly) and more to do with where the mobile device 
is located (which does not change too quickly). According to 
the prior art (e.g. TCP variant), the minimum round trip time 
would need to be re-learned each time a short message had to 
be sent. Also, the sender of the prior art techniques drops the 
window size back to one (1) segment as the technique 
assumes that another device may now be using the network 
bandwidth. Therefore, the sender is not permitted to quickly 
start sending data at a fast data rate. 
0019 FIG. 1 is an exemplary wireless communication 
system 100 in which a wireless router system 102 having the 
adaptive window feature inaccordance with at least one of the 
preferred embodiments may be practiced. The wireless com 
munication system 100 includes a plurality of host services 
(three shown, 104,106, and 108), each of which may have a 
plurality of services Such as, but not limited to, e-mail, cal 
endar, Internet web browser, and other applications, available 
to subscribers. The host services 104,106, and 108 are con 
nected to a communication network 110 such as Internet, 
which connects to the wireless router system 102 allowing 
communication between the host services 104,106, and 108 
and the wireless router system 102. The wireless router sys 
tem 102 may also be connected to a host service, such as a 
local service 112, without the communication network 110. 
(0020. The wireless router system 102 of FIG. 1 is also 
connected to a plurality of wireless networks (three shown, 
114, 116, and 118), each of which may support a plurality of 
mobile devices (one in each wireless network is shown, 120, 
122, and 124). The wireless networks 114, 116, and 118 may 
be a cellular telephone network, a two-way paging network, a 
short range wireless network such as BluetoothTM and IEEE 
802.11 compliant network, and others alike, and the mobile 
devices 120,122, and 124 are mobile devices compatible with 
the corresponding wireless network. 
0021 FIG. 2 is an exemplary timing diagram 200 which 
reveals an increase in the window size for data packet trans 
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missions between the wireless router system 102 and the 
mobile device 120 utilizing techniques of at least one of the 
preferred embodiments. In this example, the initial window 
size, which is also the minimum window size, is set to three 
data packets, the window size increment is set to one data 
packet, the maximum window size is set to five data packets, 
and the mobile device 120 transmits an acknowledgment 
signal for each packet received. At time 202, the wireless 
router system 102 begins to transmit the first set of data 
packets 204, 206, and 208, to the mobile device 120. As soon 
as the wireless router system 102 receives the first acknowl 
edgment signal 210, which corresponds to data packet 204, it 
transmits next data packet 212, thereby keeping the number of 
“packets in flight’ equal to three. 
0022. Subsequently in FIG. 2, the wireless router system 
102 receives acknowledgment signals 214 and 216 corre 
sponding to data packets 206 and 208, and transmits data 
packets 218 and 220. Because the round trip time for each of 
the first set of data packets 204, 206, and 208 is less than a first 
time threshold 222, the window size for the packets in flight is 
increased to four data packets, and the wireless router system 
transmits data packet 224 after data packet 220. The wireless 
router system 102 then receives corresponding acknowledg 
ment signals 226, 228, 230, and 232 within the first time 
threshold 222. Although not shown in FIG. 2, because the 
round trip time for each of the four data packets is again less 
than the first time threshold 222, the window size would be 
increased to five data packets if more data packets were 
available. The wireless router system 102 would have trans 
mitted four data packets in response to receiving each of the 
acknowledgment signals 226, 228, 230, and 232, and in addi 
tion, would have transmitted another data packet. 
0023 FIG. 3 is an exemplary timing diagram 300 which 
reveals a decrease in the window size for data packet trans 
missions between the wireless router system 102 and the 
mobile device 120 when utilizing techniques of at least one of 
the preferred embodiments. In this example, all the condi 
tions are the same as the example in FIG. 2. The wireless 
router system 102 has the window size set to four data pack 
ets. At time 302, the wireless router system 102 begins to 
transmit the four data packets 304,305,308, and 310, to the 
mobile device 120. The mobile device 120 then transmits 
corresponding acknowledgment signal 312, 314, 316, and 
318. As described previously, the wireless router system 102 
transmits data packet 320,322, and 324 in response to receiv 
ing the acknowledgment signal 312,314, and 316 within the 
first time threshold. However, because the round trip time for 
data packet 310 is greater than the first time threshold 222, the 
window size is decreased to three data packets. 
0024. A second time threshold is also shown in FIG.3 as 
measured against data packet 310 and the corresponding 
acknowledgment signal 318. Data packets having round trip 
times longer than the second time threshold are considered to 
be lost, and are re-transmitted. Instead of actually measuring 
the time period longer than the second time threshold, the 
wireless router system 102 may consider a data packet to be 
lost if it fails to receive an acknowledgement signal corre 
sponding to the data packet within the second time threshold. 
0025 FIG. 4 is an exemplary flowchart 400 illustrating the 
process of the adaptive window for data packet transmissions 
between the wireless router system 102 and the mobile device 
120 in accordance with at least one of the preferred embodi 
ments. The process begins in block 402 and the number of 
data packets matched for the default window size, which is 
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also the minimum window size, is transmitted from the wire 
less router system 102 to the mobile device 120 in block 404. 
In block 406, a round trip time (RTT) of each of the transmit 
ted data packets is measured. The mobile device 120 may 
transmit an acknowledgment signal for every packet received 
individually. Alternatively, if the mobile device 120 supports 
optimized acknowledgments, then it does not transmit an 
acknowledgment signal for each packet, but instead, trans 
mits an acknowledgment signal upon receiving a set of data 
packets or upon expiration of a predetermined time period if 
incomplete set of data packets are received. The wireless 
router system 102 measures the round trip time as the time 
period between the transmission of the data packet and the 
receipt of the corresponding acknowledgment signal. The 
round trip time is indicative of the overall network traffic 
condition. 

0026. If the round trip time is determined to be within the 
first time threshold for the data packets transmitted within the 
current window in block 408, indicating the network traffic 
condition is good, whether the current window size can be 
increased is checked in block 410. If the current window size 
is less than the maximum window size and data packets filing 
the current window size are in flight, then the window size is 
increased by one data packet in block 412. If the current 
window size is already at the maximum size, the window size 
is unchanged. If there are more data to be transmitted in block 
414, then the number of data packets matching the window 
size is transmitted in block 416. The process then repeats from 
block 406. 

0027. If the round trip time for the data packets is deter 
mined to be greater than the first time threshold in block 408, 
then whether the round trip time is within the second time 
threshold is determined in block 418. If the round trip time is 
within the second time threshold, but is greater than the first 
time threshold, then whether the current window size can be 
decreased is checked in block 420. If the current window size 
is greater than the minimum window size, then the window 
size is decreased by one data packet in block 422. If the 
current window size is already at the minimum size, then the 
window size is unchanged. If there are more data to be trans 
mitted in block 414, then the number of data packets match 
ing the window size is transmitted in block 416. The process 
then repeats from block 406. 
0028. If the round trip time for the data packets is deter 
mined to be greater than the second time threshold in block 
418, then the data packets associated with the round trip time 
greater than the second time threshold are considered to be 
lost. Whether the current window size can be decreased is 
checked in block 424. If the current window size is greater 
than the minimum window size, then the window size is 
decreased by one data packet in block 426. If the current 
window size is already at the minimum size, then the window 
size is unchanged. The lost data packets are prepared to be 
re-transmitted in block 428, and whether there are more data 
to be transmitted in addition to the lost packets is checked in 
block 414. Then the number of data packets, including lost 
packets, matching the window size is transmitted in block 
416. The process then repeats from block 406. 
0029. If new data packets become available after the initial 
data is exhausted in block 414, the timing of the availability of 
the new data packets is evaluated in block 430. If the new data 
packets have become available within a predetermined inter 
val after the initial data is exhausted in block 414, then these 
new data packets are first transmitted using the last-used 
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window size in block 416. If the new data packets have 
become available after the predetermined interval, then these 
new data packets are first transmitted using the default win 
dow size in block 404. 

0030. As described above, the window size may be 
increased or decreased by a single data packet (incrementing/ 
decrementing) when appropriate. In variations of the tech 
nique, however, the window size may be increased or 
decreased with use of a predetermined algorithm different 
from Such incrementing/decrementing (i.e. one where the 
window size is changed at a faster rate than incrementing/ 
decrementing). The predetermined algorithm may be utilized 
for all such increases and decreases in the window size, or 
utilized only during or in response to the identification of 
predetermined events or conditions related to mobile device 
traffic. The window size adjustment according to the prede 
termined algorithm may be based on, for example, a current 
round trip time of communications or an elapsed time since 
previous successful communications have occurred. As 
another example, the window size adjustment according to 
the predetermined algorithm may provide for a doubling of 
the current window size for each increase in window size. 

0031. A few specific variations which may utilize such 
predetermined algorithm are now discussed. As described 
above in relation to FIGS. 2-4, a last-used window size may 
be used for transmitting if more data packets become avail 
able for transmitting to the mobile device within a predeter 
mined interval, after previous data packets are exhausted, but 
a default (minimum) window size for transmitting may be 
used if more data packets become available for transmitting to 
the mobile device after the predetermined interval. In a first 
variation of this technique, after the first use of the default 
window size, what may immediately follow is the use of 
window size adjustments based on incrementing/decrement 
ing by one data packet. In a second variation of the technique, 
after this first use of the default window size, what may 
immediately follow is the use of the last-used window size for 
transmitting if any of the more data packets are successfully 
delivered. In a third variation of the technique, after this first 
use of the default window size, what may immediately follow 
is the use of the predetermined algorithm (e.g. see specific 
examples above) where the window size is changed at a faster 
rate than incrementing/decrementing if any of the more data 
packets are successfully delivered. Other variations are pos 
sible as well. 

0032. Also as described above in relation to FIGS. 2-4, the 
wireless router system utilizes first and second time thresh 
olds for determining adjustments to the window size. Prefer 
ably, the first and the second time thresholds are initialized 
and set based on traffic conditions of a plurality of mobile 
communication devices (e.g. all of the mobile communica 
tion devices) operating in the wireless communication net 
work through the wireless router system (i.e. not only the 
single mobile device with which communications are taking 
place). For example, the first and the second time thresholds 
may be initialized and set based on a round trip time value 
derived based on round trip times for traffic associated with 
all of the mobile communication devices operating in the 
wireless communication network through the wireless router 
system. This round trip time value may be based on an aver 
age of all of the round trip times for the mobile communica 
tion devices over a period of time. Most preferably, the wire 
less router system operates to regularly or periodically derive 
the round trip time value based on the round trip times for the 
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traffic and dynamically update the first and the second time 
thresholds per on-going operation. 
0033 FIG. 5 is an exemplary block diagram of a wireless 
router system 102 configured to dynamically adjust a window 
size for data packet transmission to a wireless mobile com 
munication device 120 through a wireless communication 
network 114. The wireless router system 102 has a transmitter 
502 configured to transmit a number of data packets matched 
for a window size, and a receiver 504 configured to receive an 
acknowledgment signal associated with the number of data 
packets. The mobile device 120 may transmit an acknowl 
edgment signal for every packet received individually. If the 
mobile device 120 Supports optimized acknowledgments, it 
does not transmit an acknowledgment signal for each packet, 
but instead, transmits an acknowledgment signal upon receiv 
ing a set of data packets or upon expiration of a predetermined 
time period if incomplete set of data packets are received. The 
wireless router system 102 has a timer 506, which is coupled 
to the transmitter 502 and the receiver 504. The timer 506 is 
configured to measure the round trip time associated with the 
number of data packets, and measures the round trip time as 
the time period between the transmission of the data packets 
and the receipt of the acknowledgment signal. The round trip 
time is indicative of the overall network traffic condition. 

0034. The wireless router system also has a window size 
adapter 508, which is coupled to the timer 506 and the trans 
mitter 502, and is configured to adapt the window size based 
upon the round trip time. The window size adapter 508 is 
configured to increase the window size if the round trip time 
is within a first time threshold and to decrease the window 
size if the round trip time is more than the first time threshold. 
The window size adapter 508 is configured to change the 
window size by a predetermined increment, such as one data 
packet, and to increase the window size up to a predetermined 
maximum size and to decrease down to a predetermined 
minimum size. The window size adapter 508 is further con 
figured to use a previous window size if more data packets 
become available within a predetermined interval after the 
previous data packets are exhausted. If more data become 
available after the predetermined interval, the window size 
adapter 508 uses a default window size. 
0035) Instead of potentially waiting for the acknowledg 
ment signal for a longtime, the timer 506 is further configured 
to equate the round trip time to be more than a second time 
threshold if the receiver 504 fails to receive the acknowledg 
ment signal within the second time threshold. The data pack 
ets having the round trip time of more than the second time 
threshold are considered to be lost and are re-transmitted by 
the transmitter 502. 
0036 AS apparent, the present techniques advantageously 
utilize what is referred to as an “in-flight' window (rather 
than a sliding window which may be utilized in some TCP 
communications) Suitable for the present wireless environ 
ment and data applications. A sliding window approach of the 
prior art is useful where a stream of data is being communi 
cated, and a first byte needs to be received before a second 
byte is useful (e.g. a streaming video). The sliding window 
approach is also useful where a very large file is being com 
municated and the receiver does not have sufficient memory 
available to buffer all of the data (e.g. downloading a new 
program). With a sliding window approach, if the permitted 
window size is three (3), the sender is permitted to send 
packets 1, 2, 3. If packet 1 is acknowledged, the sender is 
permitted to send packet 4. However, if packet 2 is acknowl 
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edged before packet 1, the sender is not permitted to send any 
other following packet until packet 1 is acknowledged. 
0037. In accordance with the in-flight window approach of 
the present disclosure, as long as any one of the packets 1, 2, 
or 3 is acknowledged, the sender is permitted to send another 
packet to the match the number of packets “in-flight'. In the 
present environment, several different small independent 
messages may be sent at the same time, and the mobile device 
is able receive (and display, for example) a second message 
before it receives a first message. By using an in-flight win 
dow, a more efficient use of the communication channel is 
utilized, as all other communications are not halted while the 
first message (for example) is being resent. 
0038 An advantage conferred by using a fixed value for 
the optimal round trip time is that it helps identify the optimal 
sending rate more quickly, since a large amount of traffic does 
not have to be sent first in order to calculate a good estimate 
of the minimum round trip time. The technique is particularly 
useful when the mobile device is operative to send, over a 
long period of time, a plurality of relatively short data bursts/ 
messages (e.g. Small incremental changes in data for data 
synchronized communication with network applications, 
e-mail messages/data, calendar appointment message/data) 
with long periods of idle connections between each sending. 
According to the prior art (e.g. TCP Variant), the minimum 
round trip time would need to be re-learned each time a short 
message had to be sent. Another advantage of using a fixed 
value for the optimal round trip time is that more consistent 
sharing of the bandwidth is gained across different connec 
tions. 
0039. According to techniques of the prior art (e.g. a TCP 
variant), when a connection is idle, the sender drops the 
window size back to one (1) segment as the technique 
assumes that another device may now be using the network 
bandwidth. Therefore, the sender is not permitted to quickly 
start sending data at a fast data rate. In accordance with the 
present techniques, the previous window size is retained for a 
predetermined time period (e.g. several minutes, such as 
between 1 and 10 minutes) and may be returned to more 
quickly. This technique is driven on the assumption that the 
limit in bandwidth is the RF over-the-air portion, which has 
less to do with other traffic (which may change quickly) and 
more to do with where the mobile device is located (which 
does not change too quickly). 
0040 Thus, methods and apparatus for dynamically 
adjusting a data packet window size for data packet transmis 
sion in a wireless communication network have been 
described. In one illustrative example, a method in a wireless 
router system for transmitting data packets to a mobile com 
munication device through the wireless communication net 
work based upon a round trip time associated with commu 
nication of each data packet is provided. The round trip time 
is a time period between the transmission of each data packet 
and reception of a corresponding acknowledgment signal 
from the mobile communication device. A number of data 
packets matched for a window size are transmitted to the 
mobile communication device, and a round trip time associ 
ated with communication of each of the transmitted data 
packets is measured. The window size for data packet trans 
mission is re-sized by increasing the window size if the round 
trip time associated with the communication of each of the 
transmitted data packets is within a first time threshold, and 
decreasing the window size if the round trip time associated 
with the communication of any of the transmitted data pack 
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ets is more than the first time threshold but less than a second 
time threshold. The window size is also decreased if the round 
trip time of any of the transmitted data packets is more than 
the second time threshold, where each Such data packet is 
further marked as a lost data packet. A number of data packets 
matched for the re-sized window is Subsequently transmitted, 
including a retransmission any data packets marked as lost. 
The steps of the method are repeated from the measuring step 
until data packets to be transmitted are exhausted. 
0041 While the preferred embodiments of the invention 
have been illustrated and described, it is to be understood that 
the invention is not so limited. Numerous modifications, 
changes, variations, Substitutions and equivalents will occur 
to those skilled in the art without departing from the spirit and 
Scope of the present invention as defined by the appended 
claims. 

What is claimed is: 

1. A method in a router for use in data packet transmission, 
the method comprising: 

performing the following acts for each one of a plurality of 
wireless mobile devices operating in a wireless commu 
nication network: 
initially transmitting, to the wireless mobile device via 

the router, a number of data packets matched for a 
window size which corresponds to a default window 
size; 

measuring a round trip time associated with communi 
cation of each of the transmitted data packets, the 
round trip time being a time period between the trans 
mission of each data packet and reception of a corre 
sponding acknowledgment signal from the wireless 
mobile device; 

increasing the window size if the round trip time asso 
ciated with the communication of each of the trans 
mitted data packets is within a first time threshold; 

decreasing the window size if the round trip time asso 
ciated with the communication of any of the transmit 
ted data packets is more than the first time threshold 
but less than a second time threshold; 

additionally transmitting, to the wireless mobile device 
via the router, a number of data packets matched for 
the re-sized window; and 

setting or updating at least one of the first or the second 
time thresholds based on traffic communicated to the 
plurality of wireless mobile devices via the router. 

2. The method of claim 1, further comprising: 
repeating, for a plurality of new data packets, the above 

steps of initially transmitting, measuring, increasing or 
decreasing, and additionally transmitting; and 

wherein the act of increasing or decreasing is performed 
based on at least the first or the second threshold that is 
set based on the traffic communicated to the plurality of 
wireless mobile devices via the router. 

3. The method of claim 1, wherein the act of setting or 
updating the at least one of the first or the second time thresh 
olds comprises the further act of regularly updating at least 
one of the first or the second time thresholds based on the 
traffic communicated to the plurality of wireless mobile 
devices via the router. 

4. The method of claim 1, wherein the act of setting or 
updating at least one of the first or the second time thresholds 
comprises the further acts of: 
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deriving a round trip time value based on the round trip 
times of data packets communicated to the plurality of 
the wireless mobile devices via the router; and 

setting or updating at least one of the first or the second 
time thresholds based on the derived round trip time 
value. 

5. The method of claim 1, wherein the act of setting or 
updating at least one of the first or the second time thresholds 
comprises the further acts of: 

deriving a round trip time value based on an average of the 
round trip times of data packets communicated to the 
plurality of the wireless mobile devices via the router; 
and 

setting or updating at least one of the first or the second 
time thresholds based on the derived round trip time 
value. 

6. The method of claim 1, wherein the act of setting or 
updating at least one of the first or the second time thresholds 
comprises the further acts of: 

deriving a round trip time value based on an average of the 
round trip times of data packets communicated to the 
plurality of the wireless mobile devices via the router; 
and 

regularly updating at least one of the first or the second time 
thresholds based on the derived round trip time value per 
on-going operation. 

7. The method of claim 1, further comprising: 
if the round trip time associated with the communication of 

any of the transmitted data packets is more than the 
second time threshold, then decreasing the window size 
and marking each data packet having the round trip time 
more than the second time threshold as a lost data 
packet. 

8. The method of claim 1, further comprising: 
if the round trip time associated with the communication of 

any of the transmitted data packets is more than the 
second time threshold, then decreasing the window size 
and marking each data packet having the round trip time 
more than the second time threshold as a lost data 
packet; and 

wherein the act of additionally transmitting the number of 
data packets matched for the re-sized window includes 
retransmitting any data packets marked as lost. 

9. The method of claim 1, further comprising: 
for a new set of data associated with a plurality of new data 

packets to be transmitted, to the wireless mobile device 
via the wireless network, after the previous data packets 
have been exhausted: 
if the new data packets become available within a pre 

determined interval after the previous data packets 
have been exhausted, then repeating for the new data 
packets the above steps of initially transmitting, mea 
Suring, increasing or decreasing, and additionally 
transmitting, where the initial transmission of the 
number of new data packets is matched for a window 
size which corresponds to a last-used window size 
which is greater than the default window size; and 

otherwise, if the new data packets become available after 
the predetermined interval, then repeating for the new 
data packets the above steps of initially transmitting, 
measuring, increasing or decreasing, and additionally 
transmitting, where the initial transmission of the 
number of new data packets is matched for a window 
size which corresponds to the default window size. 
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10. The method of claim 1, wherein the act of measuring 
the round trip time of each of the transmitted data packets 
includes: 

identifying the round trip time of a data packet to be more 
than the second time threshold upon failing to receive a 
corresponding acknowledgment signal within the Sec 
ond time threshold. 

11. A router, comprising: 
a receiver, 
a transmitter, 
a timer; 
a window size adapter; 
the router being configured to perform the following 

actions for each one of a plurality of wireless mobile 
devices operating in a wireless communication network: 
initially transmit, to the wireless mobile device via the 

transmitter, a number of data packets matched for a 
window size which corresponds to a default window 
size; 

measure, with use of the timer, a round trip time associ 
ated with communication of each of the transmitted 
data packets, the round trip time being a time period 
between the transmission of each data packet and 
reception of a corresponding acknowledgment signal 
from the wireless mobile device via the receiver; 

increase the window size if the round trip time associ 
ated with the communication of each of the transmit 
ted data packets is within a first time threshold; 

decrease the window size if the round trip time associ 
ated with the communication of any of the transmitted 
data packets is more than the first time threshold but 
less than a second time threshold; 

additionally transmit, to the wireless mobile device via 
the transmitter, a number of data packets matched for 
the re-sized window; and 

set or update at least one of the first or the second time 
thresholds based on traffic communicated to the plural 
ity of wireless mobile devices in the wireless network 
via the transmitter. 

12. The router of claim 11, which is further configured to: 
repeat, for a plurality of new data packets, the above steps 

of initially transmitting, measuring, increasing or 
decreasing, and additionally transmitting; and 

wherein the increasing or the decreasing is performed 
based on at least the first or the second threshold that is 
set based on the traffic communicated to the plurality of 
wireless mobile devices via the router. 

13. The router of claim 11, which is further configured to 
set or update the at least one of the first or the second time 
thresholds by regularly updating at least one of the first or the 
second time thresholds based on the traffic communicated to 
the plurality of wireless mobile devices via the router. 

14. The router of claim 11, which is further configured to 
set or update at least one of the first or the second time 
thresholds by: 

deriving a round trip time value based on the round trip 
times of data packets communicated to the plurality of 
the wireless mobile devices via the router; and 

setting or updating at least one of the first or the second 
time thresholds based on the derived round trip time 
value. 

15. The router of claim 11, which is further configured to 
set or update at least one of the first or the second time 
thresholds by: 
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deriving a round trip time value based on an average of the 
round trip times of data packets communicated to the 
plurality of the wireless mobile devices via the router; 
and 

setting or updating at least one of the first or the second 
time thresholds based on the derived round trip time 
value. 

16. The router of claim 11, which is further configured to 
set or update at least one of the first or the second time 
thresholds by: 

deriving a round trip time value based on an average of the 
round trip times of data packets communicated to the 
plurality of the wireless mobile devices via the router; 
and 

regularly updating at least one of the first or the second time 
thresholds based on the derived round trip time value per 
on-going operation. 

17. The router of claim 11, which is further configured to: 
if the round trip time associated with the communication of 

any of the transmitted data packets is more than the 
second time threshold, then decrease the window size 
and marking each data packet having the round trip time 
more than the second time threshold as a lost data 
packet. 

18. The router of claim 11, which is further configured to: 
if the round trip time associated with the communication of 

any of the transmitted data packets is more than the 
second time threshold, then decrease the window size 
and marking each data packet having the round trip time 
more than the second time threshold as a lost data 
packet; and 

wherein the additional transmitting if the number of data 
packets matched for the re-sized window includes 
retransmitting any data packets marked as lost. 

20. A computer program product, comprising: 
a non-transitory computer readable medium; 
computer instructions stored in the non-transitory com 

puter readable medium; 
the computer instructions being executed by one or more 

processors for use in transmitting, to a wireless mobile 
communication device through a wireless communica 
tion network, a plurality of data packets by performing 
the following acts for each one of a plurality of wireless 
mobile devices operating in the wireless network: 
initially transmitting, to the wireless mobile device via 

the router, a number of data packets matched for a 
window size which corresponds to a default window 
size; 

measuring a round trip time associated with communi 
cation of each of the transmitted data packets, the 
round trip time being a time period between the trans 
mission of each data packet and reception of a corre 
sponding acknowledgment signal from the wireless 
mobile device; 
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increasing the window size if the round trip time asso 
ciated with the communication of each of the trans 
mitted data packets is within a first time threshold; 

decreasing the window size if the round trip time asso 
ciated with the communication of any of the transmit 
ted data packets is more than the first time threshold 
but less than a second time threshold; 

additionally transmitting, to the wireless mobile device 
via the wireless network, a number of data packets 
matched for the re-sized window; and 

setting or updating at least one of the first or the second 
time thresholds based on traffic communicated to the 
plurality of wireless mobile devices via the router. 

21. The computer program product of claim 20, wherein 
the computer instructions are further executable to set or 
update the at least one of the first or the second time thresh 
olds by regularly updating at least one of the first or the second 
time thresholds based on the traffic communicated to the 
plurality of wireless mobile devices via the router. 

22. The computer program product of claim 20, wherein 
the computer instructions are further executable to set or 
update at least one of the first or the second time thresholds 
by: 

deriving a round trip time value based on the round trip 
times of data packets communicated to the plurality of 
the wireless mobile devices via the router; and 

setting or updating at least one of the first or the second 
time thresholds based on the derived round trip time 
value. 

23. The computer program product of claim 20, wherein 
the computer instructions are further executable to set or 
update at least one of the first or the second time thresholds 
by: 

deriving a round trip time value based on an average of the 
round trip times of data packets communicated to the 
plurality of the wireless mobile devices via the router; 
and 

setting or updating at least one of the first or the second 
time thresholds based on the derived round trip time 
value. 

24. The computer program product of claim 20, wherein 
the computer instructions are further executable to set or 
update at least one of the first or the second time thresholds 
by: 

deriving a round trip time value based on an average of the 
round trip times of data packets communicated to the 
plurality of the wireless mobile devices via the router; 
and 

regularly updating at least one of the first or the second time 
thresholds based on the derived round trip time value per 
on-going operation. 
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